Photoconductive properties of a-Si:H films deposited on Si͑100͒ substrates by reactive sputtering at room temperature were characterized as a function of hydrogen concentration in the films and the film thickness. In 230 nm thick a-Si:H films, the difference between dark-and photoresistance increases with increasing hydrogen concentration within the films. The films deposited with an H 2 flow rate of 2 sccm show a dark-resistance of approximately 1 ϫ 10 6 ⍀/ᮀ and a photoresistance of 2 ϫ 10 4 ⍀/ᮀ. A decrease in the difference between dark-and photoresistance values with increasing film thickness above 230 nm was attributed to the increase of polymeric bonding such as SiH 2 within a-Si:H films. a-Si:H films deposited on Si͑100͒ substrates are considered to be suitable for photoconductivity materials in photoconducting sensor applications.
The studies of photoconducting properties were widely performed using a-Si:H, [1] [2] [3] [4] [5] [6] [7] PbTe, 8, 9 and CdS. [10] [11] [12] [13] In the case of a-Si:H films, dark-and photoconductivities are approximately 10 −10 and 10 −5 ͑⍀ cm͒ −1 , respectively. Dark-and photoconductivities of CdS films are about 2 ϫ 10 −9 and 9 ͑⍀ cm͒ −1 , respectively. Amorphous Si:H has many advantages such as mechanical endurance, chemical stability, excellent photosensitivity, and fast photoresponse. However, the photosensitivity of amorphous Si with an indirect bandgap is a little weak compared with compound semiconductor.
In this article, a-Si:H films were studied as photoconductivity materials for photoconducting sensor applications. In order to investigate the intrinsic photoconducting properties of a-Si:H films, films were deposited on Si͑100͒ substrates instead of flexible polymer substrates by reactive sputtering at room temperature. The photoconductivities of a-Si:H films were characterized as a function of hydrogen concentration in the films and the film thickness.
Experimental
Amorphous Si:H films were deposited on B-doped Si͑100͒ substrates at room temperature by dc-magnetron sputtering with a Si target of 2 in. diameter. Hydrogen concentration in a-Si:H films was controlled by a flow ratio of Ar and H 2 . The substrates are rotated at 24 rpm for homogeneous deposition of the films. The detailed deposition conditions of a-Si:H films are summarized in Table I . The morphologies and film thickness were investigated through the surface and cross-sectional images, respectively, using scanning electron microscopy ͑SEM, Topcon DS-130C͒. The sheet resistance ͑R͒ of the samples was measured by an electrometer ͑CMT-SR 1000͒ using a four-point probe. Amorphous Si:H films were patterned using a shadow mask. The schematic diagram for the measurement of sheet resistance was shown in Fig. 1 . First, a-Si:H films were deposited on the four-terminal structure pattern using a shadow mask. Subsequently, 100 nm Ag electrodes were deposited on a-Si:H films by dc-magnetron sputtering. The sheet resistance of the samples was measured at room temperature using a digital multimeter ͑HP3458A͒. The photoconductivity of the films was measured in air ambient after the sample was light-soaked for 15 min by white light from a 100 W quartz lamp. Infrared spectra were taken by a doublebeam spectrophotometer between 400 and 4000 cm −1 . Figure 2 shows the relationship between deposition rate and working pressure in the deposition of a-Si:H films at room temperature. Working pressure was varied from 2.0 to 5.2 mTorr by an increase of H 2 flow rate. The deposition rate increases up to a working pressure of 2.6 mTorr and significantly decreases with increasing working pressure above 2.6 mTorr. A decrease of deposition rate with increasing working pressure above a critical value was attributed to the scattering of the sputtered atoms by a decrease of mean free path in a high working pressure. The hydrogen concentration in a-Si:H films deposited at 200°C increases linearly with increasing H 2 /Ar ratio. Electrochemical and Solid-State Letters, 10 ͑9͒ H284-H286 ͑2007͒ deposited with a H 2 flow rate of 0.2 and 6 sccm, respectively. From surface images of the films, films show dense and smooth amorphous-like morphologies irrespective of an increase of H 2 flow rate. The insets of Fig. 3a and b show cross-sectional images of the films deposited with a H 2 flow rate of 0.2 and 6 sccm, respectively. The deposition rate of the films deposited with a H 2 flow rate of 0.2 sccm ͑2.1 mTorr͒ is higher than that of films deposited with 6 sccm ͑5.2 mTorr͒ as shown in Fig. 2 . In this condition, a higher deposition rate makes film morphology more porous than films having a lower deposition rate, as shown in the inset of Fig. 3a . The relationship between sheet resistance and H 2 flow rate in a-Si:H films was shown in Fig. 4 . As shown in Fig. 4 , the difference between dark-and photoresistance increases with increasing H 2 flow rate because an increase of H 2 flow rate increases the hydrogen concentration in the films. In the case of a H 2 flow rate of 2 sccm, dark-and photoresistance of the films is approximately 1 ϫ 10 6 and 2 ϫ 10 4 ⍀/ᮀ, respectively. In the case of 6 sccm, films do not show the difference above two orders of magnitude, as compared with that of 2 sccm. This means that the difference between darkand photoresistance in a-Si:H films depends on the critical hydrogen concentration in the films. The relationship between dark-and photoresistance and film thickness in a-Si:H films deposited with a H 2 flow rate of 2 sccm was shown in 14 This result can be explained by the relationship between spin density and photoconductivity in a-Si:H films by Knights et al. 15 If a-Si:H films include much more SiH 2 bonding, an increase in spin density produces an increase in the density of states in the bandgap. An increase in the density of states at the near-Fermi level of bandgap induces an increase of recombination centers, resulting in a decrease of photoconductivity by a short lifetime of excess carriers due to the fast capturing rate of excited carriers.
Results and Discussion

Conclusion
Photoconductive properties of a-Si:H films deposited by a reactive sputtering at room temperature were characterized as a function 
